Application of pharmacogenomics in drug discovery and development: correlations between transcriptional modulation and preclinical safety observations.
An integrated systems biology approach of measuring mRNA, protein and enzyme activity, was used to determine the molecular mechanisms responsible for reductions in thyroid hormone levels observed in rats given 1000 mg/kg/day of a nonsteroidal progesterone agonist (NSP). The effect of NSP on drug metabolizing enzyme (DME) expression was determined in livers from treated and vehicle control rats. In treated males, CYP1A1, CYP2B1, CYP2B2, CYP2C12, CYP3A1 and UGT1A mRNAs increased by 2.2, 31.0, 9.4, 13.0, 6.4 and 2.3 fold, while CYP2C11 and CYP3A2 levels decreased by 4.8 and 15.0 fold respectively. CYP1A, CYP2B and UGT1A enzyme activities increased by 2.9, 6.2 and 1.4 fold while CYP2C and CYP3A activities decreased by 2.2 and 1.8 fold respectively. CYP2B and CYP2C proteins increased by 2.1 and 1.3 fold but CYP2C11, the male-specific isozyme, and CYP3A protein decreased by 2.0 and 1.4 fold respectively. In treated females, CYP1A, CYP2B, CYP2C, CYP3A and UGT activities increased by 1.9, 12.0, 23.0, 13.0 and 2.2 fold respectively; with corresponding increases in mRNA ranging from 1.5 to 783 fold. CYP2B, CYP2C and CYP3A proteins increased by 3.6, 2.2 and 6.4 fold respectively, but CYP2C11 remained unchanged. These data suggest that NSP modulates the transcriptional regulation DME in rats and could account for the observed reductions in thyroid hormones, since UGT conjugation is the main pathway of thyroid hormone elimination in rats. These data also show gender and isozyme-specific regulation of some genes, thus demonstrating the value of an integrated approach in determining the contribution of individual genes in drug safety and metabolism observations.